INTRODUCTION
Derivatives of trivalent phosphorus (phosphites) are used fairly widely as inhibitors of radical processes in the stabilisation of polymers [1] .
The transformation of low molecular weight phosphites into high molecular weight compounds by the phosphorylation of oligophenols under the action of triphenylphosphite (TPP) made it possible to switch to a new generation of non-toxic stabilisers possessing increased hydrolytic stability, non-volatility, and improved compatibility with polymers [2] .
The aim of the present work was to study the possibilities of producing oligophosphites of optimum molecular weight by the polytransesterifi cation of triarylphosphites with dihydric phenols for the development of new effective stabilisers for polymers.
EXPERIMENTAL
The interaction of prepurifi ed and dried phenols and triarylphosphites was carried out either in sealed ampoules (1 ml) for studying the kinetics or preparatively in the fl ask (250 ml) of a unit for vacuum distillation in argon or helium with an air condenser with controlled heating and a residual pressure of 5-15 mmHg until distilling off of phenyl ceased. The purity of the synthesised oligophosphites was established by means of thin-layer chromatography on plates of grade "Silufol UV 254" with a fi xed layer of sorbent of wide-pore silica gel. The solvent was benzene, and the eluant was a mixture of toluene and acetone.
To determine the composition of the reaction mixtures, use was made of gas-liquid chromatography methods on a Tsvet-110 instrument (steel column 1 m × 3 mm with 5% Apiezon L stationary phase on a 0.25-0.315 mm "Cromaton N-AW-HMDS" support, with a carrier gas (He) fl owrate of 50 ml/min), and gas chromatography-mass spectrometry (GC-MS) on a Hewlett Packard MD 800 instrument with NBS, LIBTX, and NIST electronic registries of mass spectra (30 m × 0.32 mm glass capillary column with a DB-5 MS stationary phase, a thickness of 0.25 µm, a carrier gas (He) fl owrate of 4 ml/min, and temperature programming from 50 to 250°C).
The structure of the obtained compounds was established from data of elemental, functional, and spectral analysis. IR spectra were taken on KBr pellets on a Specord 80M instrument, 1 H spectra were recorded on a Bruker CXP-200 spectrometer (200 MHz, in relation to Me 4 Si), 31 P NMR spectra were recorded on the same instrument (36.49 MHz, in relation to 85% H 3 PO 4 ), and CD 3 CN and CD 3 OD were used as solvents.
The thermo-oxidative stability of the polymers with synthesised and industrial inhibitors was determined from the coeffi cient of stability K stab , which was calculated by means of the equation
where η 0 is the Mooney viscosity of rubber SKI-3 with the introduced stabiliser before ageing, and η age is the Mooney viscosity after ageing (100°C, 3 and 6 h). Experimental and industrial stabilisers were introduced in a quantity of 0.4-1 parts per 100 parts rubber. The viscosity of the rubbers was determined on a Heckert viscometer.
We were unable to obtain the expected linear oligophosphites [3] in appreciable yield by the transesterifi cation of TPP or tricresylphosphite (TCP) under the action of equimolar amounts of bisphenols of different structure at 110°C under the conditions proposed in reference [2] and with increase in temperature to 140°C. Cyclic products I-V are formed in high yields in accordance with reactions (1) and (2) and by distilling off of phenol in a quantity close to the theoretical ( Table 1) : (1) where X = CH 2 and R = H (I), X = CH 2 and R = o-CH 3 (II), and X = S and R = o-CH 3 (III) (2) where R 1 = CH(CH 3 ) (IV) and R 1 = C(CH 3 ) 2 (V).
The transesterifi cation of sterically hindered 4,4´-methylene-bis-(2,6-tertbutylphenol) (3) proved possible only at 180°C at a low rate making it possible to produce only a linear monophosphite in a ~100% yield within 3 days.
Because of steric hindrances, the formation of diphosphite does not occur, as indicated by the presence of absorption in the 3364 cm -1 region on the IR spectrum of the monophosphite, characteristic of vibrations of the hydroxyl groups.
We managed to produce linear oligophosphites at as low a temperature as 110°C, using for transesterifi cation dihydric phenols -resorcinol, 5-methylresorcinol (5-MR), and hydroquinone. To refi ne the conditions of transesterifi cation of arylphosphites by dihydric phenols, gas-liquid chromatography was used to investigate the rate of formation of phenol during the interaction of 5-methylresorcinol with a twofold molar excess of TPP in sealed glass ampoules at temperatures of 110-180°C.
Increase in the phenol content in reaction mixtures at all temperatures is described by smooth curves (Figure 1) , which indicates practically identical rates of phosphorylation (esterifi cation) by both hydroxyl groups of 5-MR.
This can be attributed to the key contribution of the protonic catalysis of transesterifi cation of esters of trivalent phosphorus acids [4] .
From Figure 1 it can be seen that, at temperatures above 180°C, the transesterifi cation of TPP with the participation of both groups of 5-MR acquires a nearirreversible nature, but in this case appreciable amounts of oxidation products appear in the reaction mixtures at only 180°C. According to GC-MS data, some of the TPP in the reaction mixture is transformed into triphenyl phosphate (TP).
The practical absence on the chromatogram of peaks corresponding to 5-MR and low molecular weight products of transesterifi cation of TPP indicates the occurrence of polytransesterifi cation processes.
For the preparative production of oligophosphites based on resorcinol, 5-MR, and hydroquinone, transesterifi cation was conducted with equimolar amounts of reactants and at temperatures of 110-130°C with the distilling off of the phenol formed. The obtained data about the formation of linear oligophosphites are presented in Table 2 .
From the results of elemental, functional, and spectral analysis of the synthesised oligophosphites it was shown that, under the selected conditions, in accordance with reaction (7), oligomers VI-VIII are formed:
The structure of oligophosphites VI-VIII is confi rmed by the 1192, 888, 776, and 512 cm -1 bands on the IR spectra, corresponding to vibrations ν PO-C , ν as P-OC , ν P-O 2 , and ν POC and also an absorption band in the 872 cm -1 region, for products VIIa, VIIb, and VIII, which corresponds to a 1,3-and 1,3,5-substituted benzene ring.
In the PMR spectrum of compound VIIa, a δ H 7.23-7.27 ppm multiplet of protons of the aromatic rings is recorded, and in the PMR spectrum of compound VIIb the signal is divided into δ H 7.67 ppm and δ H 7.39 ppm multiplets of protons of phenolic substituents of P(III) and a δ H 6.99 ppm multiplet of protons of resorcinol. On the PMR spectrum of oligomer VIII, along with the δ H 7.00-7.85 ppm multiplet of protons of aromatic nuclei T/48 of phenol, two δ H 6.71 and 6.32 ppm doublets of aromatic rings of 5-methylresorcinol appear. Here, the δ H 6.71 ppm signal corresponds to the resorcinol ring with two substituted hydroxyl groups, while the δ H 6.32 ppm signal corresponds to the resorcinol ring with one substituted group. Likewise, a δ H 2.33-2.34 ppm doublet of the CH 3 group at the aromatic ring appears.
On the 13P NMR spectra of oligophosphites (VIIa, VIIb, VIII) there are signals in the region δ P 127.0-128.0 ppm (the initial triphenylphosphite has a δ P 120 ppm singlet) that correspond to medium phosphite groups.
From Table 2 it can be seen that an increase in the synthesis temperature from 110°C to 130°C makes it possible to shorten considerably the time of dimer formation. At higher temperatures the degree of oligomerisation increases rapidly, but in this case there is a darkening of the reaction mass, connected with intensifi cation of oxidative processes.
In the transesterifi cation of TPP by hydroquinone or resorcinols in a molar ratio of 2:3, crosslinked polymers are formed that are practically insoluble in organic solvents. Oligophosphites of dihydric phenols possess a higher hydrolytic stability by comparison with cyclic and linear oligophosphites based on bisphenols (Tables 1 and 2 ).
Oligophosphites of linear structure, comprising very viscous light-yellow liquids, can be transformed into solid oligoamidophosphites under the action of aromatic amines (in a quantity equivalent to phenoxyl groups), for example, p-toluidene or p-phenylenediamine (compounds IX and X).
Data from analysis of the products formed after the removal in vacuum of phenol in ~100% yields indicates that amidation occurs in accordance with the reaction When p-phenylenediamine (X) is used for amidation, curing of the oligomers occurs more effectively on account of the crosslinks between the oligomeric chains as a result of amidation by the two amine groups of the reagent.
The formation of amides on the basis of oligophosphites and p-substituted amine is indicated by IR spectra of the products, on which 1312, 1120, 1012, and 968 cm -1 bands appear, corresponding to vibrations ν C-N , ν as P-C-N , ν s P-N-C , and ν P-N , and also an 820 cm -1 band corresponding to the p-substituted benzene ring.
Under the developed conditions, experiments were conducted on the phosphorylation of activated hydrolysis lignin [5] and a mixture of resorcinols obtained from shales [6] .
Oligophosphites and amidooligophosphites based on dihydric phenols were tested as inhibitors of the ageing of isoprene rubber SKI-3 ( Table 3 ).
The anti-oxidative effectiveness of oligophosphite VIIa, and to an even greater degree amidooligophosphite IX, is higher than that of sterically hindered phenol (ionol) and bisphenol (NG-2246) introduced in higher amounts. It is most likely that, in amidooligophosphites, internal synergism -the mutual reinforcement of the stabilising action of amide, phosphite, and phenol groups, observed earlier for phosphorylated aminophenols [2] -takes place, and also the effect of a favourable infl uence on the stabilising action of a fi xed, close disposition of several anti-oxidative centres.
Thus, the polycondensation of dihydric phenols with triarylphosphites is a convenient method, under mild conditions, for synthesising new effective stabilisers, the inhibiting action of which is intensifi ed by the amidation of some of the phosphite groups by arylamines. Tables 1 and 2 (8)
